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It is w e l l  known t h a t  t he  s tandard DWBA determinat ion of the  r e l evan t  d i s t o r t e d  waves from 
d e s c r i p t i o n  of t r a n s f e r  r eac t ions  a t  in termedia te  e l a s t i c  s c a t t e r i n g  analyses .  
e n e r g i e s  f a i l s  i n  many cases  t o  reproduce experimental  Angular d i s t r i b u t i o n s  of t he  d i f f e r e n t i a l  c ross  
d a t a ,  e s p e c i a l l y  analyzing power angular  
d i s t r i b u t i 0 n s . l  On many occasiolos, it was found t h a t  
b e t t e r  agreement with the  experimental  d a t a  could be 
achieved by reducing con t r ibu t io~ns  from the  nuclear  
i n t e r i o r  when c a l c u l a t i n g  the  DWBA t r a n s i t i o n  
amplitude.2 Besides the  ques t ion  of poss ib l e  
c o n t r i b u t i o n s  from mul t i s t ep  processes  not  included i n  
s t anda rd  DWBA c a l c u l a t i o n s ,  t h e r e  a r e  s e v e r a l  poss ib l e  
sources  of u n c e r t a i n t i e s  i n  the  DWBA a n a l y s i s ,  two of 
which are :  ( i )  t he  d i s t o r t e d  waves i n  the  en t r ance  and 
e x i t  channels,  which a r e  ca l cu la t ed  from an o p t i c a l  
p o t e n t i a l  t h a t  f i t s  e l a s t i c  s c a t t e r i n g  da ta ,  and ( i i )  
t he  r a d i a l  wave func t ion  of the  bound s t a t e  t o  (from) 
which the  nucleon i s  being t r ans fe r red .  The l a t t e r  
u n c e r t a i n t y  can be reduced considerably  by using 
valence nucleon radial wave functions obtained from 
magnetic e l e c t r o n  s c a t t e r i n g .  
The p resen t  experiment i s  designed t o  measure a 
complete s e t  of single-nucleon t r a n s f e r  and e l a s t i c  
s c a t t e r i n g  da ta  i n  order  t o  t e s t  t he  DWBA d e s c r i p t i o n  
a t  i n t e rmed ia t e  ene rg ie s .  A s  an  i n i t i a l  s tudy the  
206Pb(i ,  3 ~ e ) 2 0 5 ~ 1  and 87Sr(;,d)86Sr pickup r e a c t i o n s  
were chosen, s i n c e  r a d i a l  wave func t ions  of t he  valence  
nucleons,  n(3s1/2) and v( lgg/2) ,  r e s p e c t i v e l y ,  a r e  
a c c u r a t e l y  known. In  add i t ion ,  i n  each case ,  both 
t a r g e t  and f i n a l  nuc le i  a r e  s t a b l e ,  a l lowing a p r e c i s e  
s e c t i o n  and vec to r  analyzing power have been obta ined 
-+ 
f o r  t he  2 0 6 ~ b ( d ,  3 ~ e ) 2 0 5 ~ 1  r e a c t i o n  and f o r  e l a s t i c  
deuteron s c a t t e r i n g  on 2 0 6 ~ b  a t  79.4 MeV bombarding 
energy. E l a s t i c  s c a t t e r i n g  of 3 ~ e  on 205~1  was 
measured a t  78.4 MeV i n c i d e n t  energy. Moreover, 
d i f f e r e n t i a l  c ross  s e c t i o n s  and analyzing powers were 
obta ined f o r  the  8 7 ~ r ( p , d )  and 8 7 ~ r ( p , p )  r e a c t i o n s  wi th  
94.2-MeV po la r i zed  protons.  The corresponding deuteron 
e l a s t i c  s c a t t e r i n g  on 8 6 ~ r  a t  about 88 MeV bombarding 
energy w i l l  be measured i n  the  near fu tu re .  
The d a t a  a r e  p resen t ly  being analyzed. As an  
example, Fig. 1 shows the  d i f f e r e n t i a l  c ross  s e c t i o n  
and analyzing power angular  d i s t r i b u t i o n s  of R=4 
t r a n s i t i o n s  i n  the  8 7 ~ r ( ; , d ) 8 6 ~ r  r eac t ion .  The f i r s t  
o p t i c a l  model f i t s  using s tandard Woods-Saxon type 
potentials reproduce the e l a s t i c  scattering data quite 
w e l l  f o r  angles  up t o  60'. However, f o r  ang les  above 
60°,  t he  c a l c u l a t i o n s  cannot account f o r  the  f e a t u r e s  
of t he  e l a s t i c  experimental  data .  These p o t e n t i a l s  
reproduce the  t r a n s f e r  d i f f e r e n t i a l  c ross  s e c t i o n s  
f a i r l y  wel l ,  but f a i l  t o  desc r ibe  the  corresponding 
analyzing-power angular  d i s t r i b u t i o n s .  The next s t e p  
i n  t h i s  a n a l y s i s  w i l l  be the  use of non-standard 
p o t e n t i a l s  t o  f i t  e l a s t i c  s c a t t e r i n g  and t e s t  t h e i r  
a b i l i t y  t o  desc r ibe  the  t r a n s f e r  data .  
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P i g u r e  1. D i f f e r e n t i a l  c r o s s  s e c t i o n  and ana lyz ing  power angu la r  d i s t r i b u t i o n s  f o r  1-4 t r a n s i t i o n s  i n  t he  
Sr(p ,d)  r eac t i on .  
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Using t h e  s t r o n g  s e l e c t i v i t y  of t h e  (d , a )  r e a c t i o n  
a t  80-MeV bombarding energy f o r  p i ck ing  up a proton- 
neu t ron  p a i r  i n  t he  s t r e t c h e d  (I£ J=7, T ~ O  
c o n f i g u r a t i o n ,  we s t a r t e d  a sy s t ema t i c  s t udy  on t h e  
even calcium i s o t o p e s  i n  o rde r  t o  s ea rch  f o r  pro ton  
ground s t a t e  c o r r e l a t i o n s  i n  t h e  t a r g e t  nuc l e i .  The 
( l f  7 /2)27,0  t r a n s i t i o n s  a r e  c h a r a c t e r i z e d ,  and can be 
e a s i l y  i d e n t i f i e d ,  by pure  L-6 angu la r  d i s t r i b u t i o n s  of 
t h e  d i f f e r e n t i a l  c r o s s  s ec t i on1  and d i s t i n c t  J=7 
p a t t e r n s  of t h e  vec to r  analyz ing  powers.2 
Measurements were performed on 4 0 ~ a ,  4 4 ~ a ,  4 8 ~ a ,  
and 5 0 ~ i  using a 79.4-MeV vec to r  p o l a r i z e d  deu t e ron  
beam. Samples of t y p i c a l  L=6 angu la r  d i s t r i b u t i o n s  of 
t h e  d i f f e r e n t i a l  c r o s s  s e c t i o n  a r e  shown i n  t h e  l e f t  
panel  of Fig.  1; t h e  corresponding v e c t o r  ana lyz ing  
powers are p re sen t ed  i n  t h e  r i g h t  panel  of Fig. 1. 
Unambiguous (1f 712) 27, t r a n s i t i o n s  were observed t o  
t h e  r e s i d u a l  l e v e l s  a t  1.10 MeV i n  4 8 ~ c  ( t h i s  s t a t e  has 
t h e  we l l  known s p i n  and p a r i t y  7+), a t  4.54 and 
5.95 MeV i n  4 6 ~ ,  a t  1.91 MeV i n  4 2 ~ B  and a t  5.28 MeV i n  
3 8 ~ .  It should  be noted t h a t  t he se  t r a n s i t i o n s  on t h e  
Ca t a r g e t  n u c l e i  a r e  almost a s  s t r o n g  a s  t h a t  on 5 0 ~ i ,  
where pro ton  occupancy of t he  l f 7 /2  o r b i t a l  is a 
dominant p i ece  of t h e  ground-s ta te  wave func t ion .  
Microscopic DWBA c a l c u l a t i o n s  were performed i n  
o rde r  t o  e x t r a c t  t h e  pro ton  occupat ion  numbers f o r  t h e  
